T hroughout evolutionary history, millions of lineages have gone extinct, by chance or because of an inability to adapt to new environmental conditions (Darwin 1859) . In particular, sudden global changes have led to five major extinction events (Raup and Sepkoski 1982) . Today, we are experiencing a sixth major extinction event as a result of global change caused by humans (Dirzo et al. 2014) . Interestingly, most people see extinction as a simple dichotomy: Either a species is gone from the Earth, or it is not. In an era of rapid change, however, extinction can be surprisingly hard to determine. In this article, we address the basic question: How do you know when a lineage is extinct?
Before any assessment of extinction can be attempted, a lineage must be formally recognized as distinct. This distinctiveness can include reproductive barriers, genetic signature, morphometrics or meristics, location, and range, to name but a few. For most organisms, lineages are distinguished at the level of species (IUCN 2012 ). Often, however, lineages are also are recognized as subspecies, distinct population segments (DPS; Endangered Species Act of 1973, section 4), evolutionarily significant units (ESU; Waples 1991), designatable units (SARA; Canada's Species at Risk Act of 2002), or management units (MU; Vogler and Desalle 1994) . All can receive the same legal protection as species, depending on the country. Therefore, to ensure clarity and comprehensiveness, we simply refer to any recognized distinct taxonomic group as a lineage.
From a biologist's perspective, every evolutionary lineage is unique, with a distinct role in the ecosystem(s) of which it is part (Ehrlich and Mooney 1983) . The science of conservation biology focuses on preventing extinction of contemporary lineages. In some countries, prevention is mandated by law, whereas in others, it is a matter of choice. Regardless, most countries follow the International Union for Conservation of Nature (IUCN) system, in which lineages are assessed as to their susceptibility to extinction in the near future: vulnerable, endangered, and critically endangered (IUCN 2012 ). But despite the success of this system at decreasing extinctions (Rondinini et al. 2014) , many lineages continue to decline. The IUCN (2012) also uses three extinction categories: regionally extinct, extinct in the wild (known only to survive in culture, captivity, or as a naturalized population outside their native range), and globally extinct (i.e., "there is no reasonable doubt that the last individual has died"). But it is often difficult to say with certainty when the last individual is gone because most lineages are cryptic at small population sizes, making it difficult to determine "no reasonable doubt. " Determination of extinction is not simple. Is a lineage extinct if a single individual still exists, as has happened with some trees and tortoises (Cronk 2016) ? What if a lineage is wholly reliant on humans, is absent from its native range, or has no habitat left? What if it has been genetically modified or hybridized with another lineage? In all such situations, the evolutionary trajectory of the lineage has been changed. But is this change enough to consider it to be extinct? Defining extinction can be a lot like defining a species because it requires recognizing one lineage as being distinct from other lineages (de Quieroz 2007) . A species is generally thought of as being one or more populations that have separated over time from other related populations by chance and/or natural selection acting under a particular set of environmental conditions. As the environment changes, a species must change as well or go extinct. Unfortunately, Regrettably, extinction of a lineage is not well defined legally in most places in the world (with some exceptions, such as SARA in Canada). In the United States, for example, there is no formal policy for defining a lineage as extinct. The Endangered Species Act of 1973 (ESA) was written to prevent extinction and therefore does not specify how to determine extinction. Legislation in the European Union and Australia is similar in this regard. However, under the implementing regulations for the ESA, the managing agencies (the US Fish and Wildlife Service, USFWS, and the National Marine Fisheries Service, NMFS) can delist an endangered lineage on extinction, suggesting a discretionary act rather than a mandatory procedure (50 C.F.R. § 424.11(d)(1)). This decision, however, also requires a lineage be formally listed as threatened or endangered, so it can be delisted after the normal 5-year review. This procedure is only an indirect measure of extinction, with no formal criteria. The IUCN, which includes over 1200 government and nongovernment organizations (NGOs), generates most of the endangered species recommendations but has no listed formal extinction procedure or enforcement power for declaring extinction, relying on individual countries to draw their own conclusions.
To help explore the uncertainties or difficulties surrounding extinction, it is useful to focus on a particular taxonomic group. One group with members especially prone to complete extinction is freshwater fishes (Leidy and Moyle 1997 , Moyle et al. 2011 , Burkhead 2012 . In the twentieth century, freshwater fishes had the highest extinction rate worldwide among vertebrates, and conservative estimates project 43-86 extant species will be extinct in North America by 2050 (Burkhead 2012) . Furthermore, it is difficult to "prove" extinction in most freshwater fishes because at low numbers, they evade capture or detection in places such as deep lakes or turbid rivers (Jelks et al. 2008) . Finally, freshwater fishes include some of the best examples of conservation-reliant and captive species, which confound extinction declarations.
To further explore the uncertainties or difficulties surrounding the assessment of extinction, we introduce what we call gray extinction, a category between traditional IUCN vulnerable or endangered categorizations and global extinction. This important classifcation brings to light the many ways that a lineage may already be "extinct" to some degree and has strong conservation implications. Multiple categories are proposed as working criteria to assess the extinction trajectories of any freshwater fish lineage. In addition, we have provided a decision tree to document the transition of a lineage through these categories before reaching global extinction. And although we focus on freshwater fishes, our process should be adaptable to any lineage, making it an acceptable method to assess any extinction.
Saving lineages
Human activity affects most lineages in the modern world, both positively and negatively (Kareiva et al. 2007 ). These anthropogenic effects can set a lineage's trajectory toward global extinction and range from multilineage to lineagespecific, with a spectrum of effects in between the extremes. Multilineage effects are those anthropogenic factors that affect multiple lineages simultaneously on a habitat, landscape, ecosystem or even global scale. They occur as result of lineages sharing the planet with humans and cannot be entirely avoided (e.g., climate change). Such effects can also mimic "natural" effects (e.g., landslides can dam rivers) and therefore are presumably subject to evolutionary pressures (i.e., natural selection) consistent with their evolutionary history. However, many multilineage anthropogenic effects are occurring too rapidly, outside the range of normal environmental variability. Measures taken to alleviate such effects should, in principle, have a multilineage focus on conservation up to the planetary scale. This approach benefits all lineages affected, not just a single lineage. It is also usually the most cost-effective method over the long term (Palmer et al. 1997) . Approaches for freshwater fishes might include large-scale habitat restoration, halting the use of harmful pesticides, improving stream flows, or reversing global warming. The important idea is that a lineage subject to such conservation measures will still be in its natural environment, susceptible to natural selection, even if accelerated, and therefore potentially recoverable if on an extinction trajectory.
In contrast, lineage-specific effects are those that primarily affect-or at least are perceived to affect-a single lineage. In most cases, this involves natural selection being largely replaced by artificial selection (table 1). Artificial selection can include trait selection, fecundity maximization, prezygotic barrier removal, or protection from predation, among many others. As we discuss later, production fish hatcheries are classic purveyors of multiple effects on single lineages.
If exhaustive large-scale, multilineage approaches are insufficient to alter extinction trajectories, lineage-specific actions will be required. Individual lineages requiring such actions become conservation reliant, no longer capable of surviving on their own and requiring humans to support their existence (Scott et al. 2005) . With this support comes some unavoidable domestication, because it is unrealistic to expect managers to fully grasp and replicate every selective pressure that shapes a lineage-a problem seen time and time again in fish hatcheries (see below). These actions then alter a lineage's evolutionary trajectory from one driven by natural selection to one driven by artificial selection (deBeer 1958 , Akey et al. 2010 . Actions to alleviate lineage-specific problems are purposeful and come with the understanding that maintaining an altered lineage is better than complete disappearance. Because lineage-specific effects are generally additive, ever-increasing artificial selection drives a lineage further and further from its "natural" roots (Carlson et al. 2007) . At some point, such lineages become completely adapted to artificial habitats (e.g., a fish hatchery or ponds) and are incapable of maintaining populations in their environment of origin. They become, for lack of a better term, domesticated and extinct as natural lineages.
Recognition of this spectrum of effects on lineages allows a prioritization system (best to worst case) to be set up for establishing conservation priorities (Bottrill et al. 2008) for lineages seemingly headed for global extinction: (a) Lineages reliant on large-scale multilineage actions still exist somewhere in their natural environments and will continue to persist with minimal help for a long time, but ultimately, they will need the benefits of actions such as the restoration of natural-flow regimes to rivers. (b) Lineages reliant on lineage-specific actions include two pathways: (1) lineages that have sufficient genetic diversity so they can eventually be weaned from reliance on human interference or (2) lineages that will always require direct management to sustain them, with evolution taking place, at least in part, through artificial selection. These lineages are likely to go globally extinct without continuous action. (c) Lineages for which there is little or no hope for preventing global extinction, except perhaps as display populations in zoos or aquaria, constitute the third category. The application of this prioritization (triage) scheme requires a general understanding of the varieties of extinction.
The varieties of extinction
There have been a number of attempts to deal with impending extinction on a broad basis, including population viability analysis (Boyce 1992, Beissinger and McCullough 2002) and extensive predictive modeling (Purvis et al. 2000 , Hutchings et al. 2012 . One widely used idea is that of extinction debt, in which diverse lineages persist as declining populations in habitat so altered or diminished that eventual extinction is likely, even though the process may take generations (Tilman et al. 1994 , Kuussaari et al. 2009 ).
These "living-dead" lineages may initially survive but will gradually disappear, even without any further habitat modification. Extinction debt is especially likely to apply to lineages with long generation times or to those already on the threshold of extinction. Although there may be individuals present in the environment, the lineage is basically extinct if extreme measures are not undertaken to restore viability (Kuussaari et al. 2009 , Cronk 2016 . A similar idea is functional extinction, in which individuals are present in their habitat but are so depressed in numbers that they no longer play a significant role in the ecological community in which they are embedded (Şekercioğlu et al. 2004 ). In both cases, however, lineages persist with an uncertain timeline to global extinction.
Typically, a lineage is declared globally extinct if an informal consensus of experts agrees and an extinction declaration is published, usually in a regional faunal work. But lineages determined to be extinct by this method are sometimes rediscovered (e.g., Miller Lake Lamprey Lampetra minima, Loiron et al. 2000; Owens Pupfish Cyprinodon radiosus, Moyle 2002) . To combat this problem, the IUCN recommends waiting 50 years before declaring extinction. Additional guidelines related to freshwater fishes are limited. Harrison and Stiassny (1999) proposed a set of categories contingent on taxonomic status, effective extinction date, population decline or environmental threat, and extinction time frame (1500-1948 or 1948-1998) , requiring information often not available. Jelks and colleagues (2008) recognized three extinction categories for their review of extinction in North American fishes: extinct (no documentation for 50 years), possibly extinct (no documentation for 20-50 years), and extirpated in nature (lineage only found in captive populations). But these categories are only guidelines for determining global extinction and do not cover all situations.
Gray extinction
As we mentioned previously, a lineage is defined by a very specific set of criteria (e.g., location, range, appearance, and life history) that define it as a distinct taxonomic group. Extinction represents the loss of that distinct group. But Here, we describe five categories within this gray-extinction classification, representing an amalgamation of categories generally found in the scientific literature. The initial category, mitigated extinction, is defined by the required use of lineage-specific effects for maintaining the species (Ex 1 ), whereas categories 2-4 (Ex 2-4 ) can be arrived at with or without the impact of lineage-specific effects. Combinations of both lineage-specific and multilineage effects are possible and would be represented by two subscripts (e.g., Ex 13 : mitigated and native-range extinction).
Ex 1 : Mitigated extinction. This applies to lineages that are largely maintained by artificial selection (lineage-specific effects), as well as to lineages subject to intentional hybridization or genetic modification. Also included are conservation-reliant lineages that depend on continuous or intermittent human action to maintain viable populations, in which "threats cannot be eliminated, only managed" (Goble et al. 2012, p. 870) .
Ex 2 : Regional extinction. The lineage is extinct in a geographically or genetically distinct part of its native range, although it may be abundant elsewhere. This category is often labeled as "extirpation" and can vary by spatial and/or evolutionary scale. For example, the loss of a DPS, ESU, DU, or MU would be global extinction but would be regional extinction at the species level.
Ex 3 : Native-range extinction. The lineage is no longer present in its native range but has been introduced as a "wild" lineage successfully outside the native range.
Ex 4 : Wild extinction. The lineage relies on artificial propagation for its existence. It is maintained as captive populations in artificial habitats such as fish hatcheries; it may be reintroduced into the wild, but such populations are not self-sustaining. The first four categories are a synthesis of widely used extinction categories, but with a more stepwise approach. Our goal is to document the progression of extinction, from the onset of direct human intervention (mitigated extinction) to recognition that a lineage only exists in a zoo or captive breeding facility (wild extinction). At each step, it becomes more and more difficult to reintroduce a lineage back to its native habitats, even if conditions are ameliorated. The ever-increasing conservation reliance necessary to maintain a long-suffering lineage changes the characters that made the lineage unique, putting it on an evolutionary trajectory that presumably reduces its adaptability to conditions in the wild. This categorization of a lineage can help to determine its conservation priority when resources are limited. Examples of each category in fishes are given in table 2.
Time-to-extinction declaration Categories 5 and 6 occur when no documented individuals are found anywhere and de facto extinction is assumed. Current recommendations suggest waiting 50 years, but no reason is given as to why this number is appropriate. We argue that because different lineages have very different generation times (pupfish, approximately 1 year; sturgeon, 25 or more years; Moyle 2002), the application of a fixed time period can be excessive in some lineages and insufficient in others. For example, if a lineage only exists in a single spring and the spring dries up, a 50-year wait to declare extinction may be unnecessary. We propose a metric for the waiting period based on generation time. This is similar to D'Elia and McCarthy (2010), who recommended using generation time as a metric for determining extinction risk for species proposed for listing under the federal ESA. We specifically recommend that for lineages with generation times of 0-5 years, the declaration should wait ten generations, whereas those with generation times of 5 or more years should wait five generations. These metrics are in the spirit of those already proposed, are conservative enough to ensure no species are "rediscovered, " and are practical enough to work with any lineage of fishes.
Decision tree for determining extinction Our decision tree is designed to differentiate between preand postextinction declarations and different categories of gray extinction (figure 1). To address these questions, we propose the establishment of an extinction assessment committee (EAC), perhaps by a professional society such as the American Fisheries Society or the American Institute of Biological Sciences. The EAC would be a mixture of agency, NGO, and academic biologists who would monitor the status of potentially extinct fish lineages. The sole purpose of this committee would be to review information concerning the loss of fish lineages and make objective decisions at a series of checkpoints designated as key transitions in assessing vulnerable or endangered (consistent with IUCN categories), gray-extinction, and global-extinction status. The committee would also make decisions related to introgressed lineages or to applying hybridization to "rescue" genetic diversity in another lineage. This systematic approach by a dedicated group could greatly alleviate the ambiguity currently applied to assessing extinction; it could also facilitate strategic conservation goals that maximize the recovery potential of any proposed lineage. Checkpoint 1. The evaluation of previous or novel studies forms the basis for recommendations concerning the underlying causes of decline or extinction, listing as vulnerable or endangered, and the potential to alleviate any multilineage effects. Much of this information is readily available from groups such as the IUCN or the Committee on the Status of Endangered Wildlife in Canada (COSEWIC). Conservation priority can be assigned if needed.
Checkpoint 2. This assessment of extinction includes the following questions: Have all realistic methods to reduce multilineage effects been exhausted? Are lineage-specific direct effects the only way to continue the lineage? Are funds and managers in place for a program of conservation reliance? The gray-extinction category is assigned following the decision tree.
Checkpoint 3. An annual reevaluation of gray extinction for each lineage is applied. If wild extinction has been reached, monitoring programs should indicate that no individuals are found anywhere. Intensive targeted sampling efforts should be employed to look for small populations. A waiting period is set, based on generations, if no individuals are found (apparent extinction). If recovery efforts are sufficient to escape gray extinction (see below), a lineage may be returned to the top of the decision tree to be evaluated, starting as a healthy lineage once again.
Checkpoint 4. Final information is collected and global extinction is confirmed. If rediscovered before waiting period ends, the lineage returns to checkpoint 2 for reevaluation. Relevance to conservation The differences between applying multilineage and lineagespecific methods to avert extinction has considerable financial and ecological ramifications. Multilineage methods benefit all lineages, with the focus on restoring the habitat, not the lineage. Costs may be substantial but often have anthropogenic benefits (ecosystem services). Once a system is restored, it presumably requires only traditional management expenditures (Odling-Smee 2005) . In contrast, applying lineage-specific methods leads to artificial selection and conservation reliance (Lorenzen et al. 2012) ; every lineage on an extinction trajectory is treated as unique and must be supported independently. In addition, lineages undergoing lineage-specific management can rarely fulfill their former role in a natural system (Ehrlich and Mooney 1983) . It may initially seem cost effective, but as more and more lineages approach extinction, costs will be overwhelming. However, even for lineages dependent on lineage-specific methodologies, their natural habitats could still be restored if reintroduction into the wild in some form is likely to be successful.
Conservation success
In the event that conservation reliance can be ended and/ or natural habitat restored, can extinction (categories 1-5) be reversed? The answer, unfortunately, is yes and no. The restoration of natural habitat to support a self-sustaining lineage subject to natural selection would constitute the recovery of a lineage. The recent removal of a number of dams (e.g., Elwha Dam) has the potential for this kind of recovery of certain fishes (O'Conner et al. 2015 , Thornton et al. 2016 . However, the lineage would likely have been altered through artificial selection, potentially removing lineage-specific identifiers such as courtship behavior or unique genetic alleles. Therefore, the current lineage may be different from its wild predecessor, although just how different would depend on the number of individuals in the lineage, the amount of artificial selection applied, and the length of time the selection was applied. Therefore, there is no direct answer to this question. Our approach is to leave this difficult decision in the hands of the EAC to be handled on a case by case basis, with the understanding that in order to be a conservation success (figure 1), the lineage must be completely free of human reliance and sufficiently stable so as to be self-sustaining. We would also recommend the lineage be labeled "Cs" (similar to endangered, Ex 2 , etc.). This would serve the dual purpose of promoting successful conservation efforts and identifying those lineages that experienced gray extinction.
Resurrection? "Jurassic Park" lineages As technology continues to improve, biologists are faced with a difficult question: Do we bring back ancestral or recently extinct lineages (Friese and Marris 2014, Seddon et al. 2014 )? This avenue has interesting possibilities along with unprecedented complications and fears (Sandler 2014) . The "resurrection" of an extinct lineage requires using DNA as a blueprint in one of two ways: pure ancient DNA, in which a lineage is produced using only DNA from the known lineage, or mixed DNA, in which an incomplete genome requires using closely related lineages or known "conserved regions" universal to freshwater fishes for completion. On the basis of criteria proposed in this article, these lineages would be considered domesticated and fall under the mitigated category of extinction. If the lineages get beyond being treated as novelties and are proposed for introduction into the wild, we recommend they should be treated as a potentially invasive species. An exception might be given to recently globally extinct lineages in which the ecosystem may still support habitats recently vacated by the lineage. But timing would be everything, because other lineages will quickly use resources that once supported the lost lineage. Ideally, "resurrection" would be the ultimate last resort, occurring when a lineage reaches apparent or global extinction.
Hybridization and/or genetic modification
Conceptual ideas related to artificial and natural hybridization are similar to those for extinction. Allendorf and colleagues (2004) argued that any introgression from artificial hybridization equals lineage loss. In contrast, Campton and Kaeding (2005) contended that if a lineage looks and behaves like a true lineage, it should be considered one. So how much introgression is allowable before the lineage is considered a novel lineage or extinct? What if introgression levels are high (more than 50%), but a unique lineage-specific gene or allele is still present? Even more challenging is directed hybridization as a means of introducing genetic diversity into a lineage to avert global extinction (Levins 2002 , Harbicht et al. 2014 . This is similar to genetic modification, in which specific genes are targeted artificially to improve traits such as parasite resistance or growth rates (Hedrick 2001) . We would argue, except in cases of natural hybridization, that all of the above represent artificial selection and a lineagespecific impact of humans on fish lineages; they are therefore a form of extinction, in this case mitigated extinction (Ex 1 ). Even though lineages are not conservation reliant per se, their genomes are permanently altered by humans. But unlike Allendorf and colleagues (2004) , who suggested that any artificially introgressed population should be eradicated, we think a lineage that has some resemblance to the original lineage is superior to none at all, especially if it exists as a population in the wild that is subject to natural selection.
Devils Hole pupfish: Should we hybridize? An example of the controversy surrounding the use of directed hybridization to prevent extinction is the Devils Hole pupfish (DHP) Cyprinodon diabolis, the most endangered fish in the world (Pister 1990 , Martin CH et al. 2016 . Living in Nevada, this lineage has been isolated for tens of thousands of years (Sağlam et al. 2016 ) and reduced to 30 individuals at times. Artificial feeding and separate captive populations are currently ongoing while hybridization (with nearby Ash Meadows Amargosa pupfish, C. nevadensis) has been tested as a possible method to combat inbreeding (Martin AP et al. 2012) . A small population still exists in Devils Hole, although it would probably be globally extinct in the absence of human protection of its habitat (e.g., through fencing or lawsuits). Would DHP be regarded as extinct (Ex 6 ), or perhaps as a mitigated extinction (Ex 4 ), if all individuals had a modified genome that enabled them to persist in their tiny habitat, as long as they looked and behaved like DHP? Would they then lose the protection afforded them by the federal Endangered Species Act of 1973? As of the writing of this article, DHP are still a natural population in their natural habitat and not reliant on humans for survival. Therefore, they would not qualify as mitigated extinction. Managers will ultimately have to decide whether hybridization in, the introduction of captive-bred fish to, or reliance on human-provided food in Devils Hole would change their status to some form of extinction.
Salmon and steelhead: Do hatcheries cause extinction?
In many countries, large-scale fish culture, especially for salmon and trout (Salmonidae), became established to mitigate for dams and to increase availability of desirable fish. Much of this aquaculture was designed to support capture fisheries by rearing fish through embryo and juvenile stages, when mortality is highest, before releasing them into the wild. This strategy has been enormously successful, with high percentages of salmon and trout caught along the Pacific Coast now being of hatchery origin. The problem with hatchery fish is that they quickly become domesticated. Christie and colleagues (2016) found that steelhead rainbow trout (Oncorhynchus mykiss) showed genetic-based adaptations to the hatchery environment after just one generation. This problem has been overcome in part by releasing juveniles in increasingly large numbers into the wild to overcome high postrelease mortality. Large numbers of hatchery fish returning or straying impede and hybridize with wild spawners, greatly reducing natural production and increasing reliance on hatcheries. Bowlby and Gibson (2011) found that hatcheries could thus reduce extinction probabilities in Atlantic salmon (Salmo salar) populations in the short run but make extinction more likely in the long run.
In California's Sacramento-San Joaquin River basin, artificial propagation resulted in a genetically uniform population of Central Valley (CV) steelhead, listed as a threatened DPS under the ESA and treated as if it were a distinct lineage. However, during the 1950s, CV steelhead were hybridized in hatcheries with north-coast steelhead, another genetically distinct lineage. These fish were brought in to "improve" the fishery with larger fish, irrevocably altering allele frequencies in all CV steelhead. To complicate things further, steelhead and resident (nonmigratory) rainbow trout typically have two distinct life history patterns within a single lineage. Today, the Sacramento River and its tributaries support populations of resident rainbow trout that are large enough to support fisheries; these trout are genetically identical to CV steelhead but rarely produce individuals that go to sea. Most "true" steelhead (i.e., anadromous rainbow trout) in the river are of hatchery origin because hatcheries select for steelhead life history (Zimmerman and Reeves 2000) . This raises the questions: Are CV steelhead effectively extinct (mitigated extinction, Ex 4 )? Is a return to an anadromous population subject to natural selection possible? The answer to the first question depends on continued defining of CV steelhead as a separate lineage when the actual lineage consists of both steelhead and resident trout, with different life histories. The issue is made even more complicated because a hybrid lineage has replaced the original lineage and is quite successful as resident trout. Therefore, the answer to the first question is that steelhead cannot be declared extinct as a lineage because they are a life-history alternative, not a lineage. The lineage to which they belong is in no danger of extinction. The answer to the second question is yes, because resident hybrid rainbow trout have the capacity to genetically switch to the steelhead life history if conditions are right in the river, estuary, and ocean (Zimmerman and Reeves 2000, Hayes et al. 2012) .
A better example of a hatchery-dependent (Ex 4 ) lineage is the Sacramento winter-run Chinook salmon (Oncorhynchus tshawytscha). Listed as an ESU under the ESA, large numbers of these salmon are reared in a conservation hatchery. Unlike production hatcheries used to support fisheries, conservation hatcheries are designed to produce wild-type fish, using careful genetic monitoring to reduce domestication (Winship et al. 2014) . Shasta Dam on the Sacramento River denies access to historical spawning grounds upstream, so most of the population is maintained by the hatchery and by spawning below the dam. Flows below the dam are regulated by cold-water releases, and there is active gravel augmentation to create spawning habitat. A recent drought caused "natural" spawning to fail 2 years in a row, making the population entirely reliant on the conservation hatchery. Therefore, Sacramento winter-run Chinook salmon is a good example of mitigated extinction (Ex 4 ) that will require continuous human intervention to maintain the lineage, if on a somewhat different trajectory.
Overall, these examples suggest that hatcheries, which produce millions of salmon and steelhead each year in the Pacific Northwest, have a major impact on the nature of regional linages (ESUs, DPSs); this impact can lead to mitigated extinctions (Ex 4 ) in which lineages will have to be maintained by artificial means in perpetuity. The release of millions of hatchery salmonids into the rivers used by wild fish can replace distinct wild lineages adapted for natural conditions with lineages maintained through artificial selection. There is considerable potential for such practices to ultimately lead to global extinction (Ex 6 ) of distinct salmonid lineages.
Delta smelt: Headed for extinction
The initial impetus for this article is the possible extinction of delta smelt, Hypomesus transpacificus. This small planktivorous fish has a 1-year life cycle and is endemic to the Sacramento-San Joaquin Delta, the central node for much of California's water-supply system (Moyle 2002) . Delta smelt is listed as an endangered species and in recent years has nearly disappeared from both general and focused fish surveys (Moyle et al. 2016) . Extinction in the wild (Ex 4 ) or global extinction (Ex 6 ) is likely in the near future and has major implications for water management. However, making the final determination with complete certainty will be difficult because it is a small fish that can move up and down the estuary and can have local resident populations. There are two captive populations in which individuals are reared through their entire life cycle, but they need a continual influx of wild fish to maintain genetic diversity (Moyle et al. 2016 ). However, they are currently (as of 2016) not planted in the wild. If delta smelt disappeared from all fish surveys, by our criteria, a finding of wild extinction (Ex 4 ) should occur after 10 years. But consideration would then have to be given to the two captive populations and their potential for both domestication and reintroduction into the wild. As the salmonid example illustrates, domestication can occur very rapidly in fish (e.g., Lorenzen et al. 2012) . Delta smelt have a 1-year generation time, so the potential for successful reintroduction into the wild will diminish with each passing year. If a reintroduction program allows some smelt to complete their life cycle in the wild but reproductive success is low and requires continuous input of hatchery-reared fish, then the lineage will fit into the mitigated extinction category (Ex 1 ); however, it would be on a different evolutionary trajectory from wild "natural" delta smelt, especially if the wild population was too small to allow for capture of individuals to supplement hatchery populations. If such a program fails, delta smelt would then be considered globally extinct (Ex 6 ) after 10 years (although Ex 4 designation might be politically more acceptable if a domesticated population continued to exist, displayed in public aquaria). Delta smelt therefore illustrate how extinction criteria can help managers decide on management goals. What level of extinction is acceptable?
Conclusions
The ongoing extinction crisis requires that extinction be dealt with systematically, with priorities established for the use of limited funds available to prevent global extinction of distinct lineages. Lineages no longer subject to natural selection in their native habitats can be regarded as suffering gray extinction, as can lineages dominated by artificial selection. However, as lineages of hatchery salmonids illustrate, lineages totally dependent on aquaculture can persist and replace natural lineages, at least visually and sometimes in fisheries. Global (complete) extinction is often hard to determine, especially in groups such as fishes, so guidelines for the determination of such extinctions are needed, as we propose here. Therefore, our decision tree allows for a straightforward assessment of the extinction of any lineage and represents a step in the right direction. Although we can hope extinctions in freshwater fishes and other organisms will be less than anticipated, this seems unlikely. It is therefore time to identify extinction in a more realistic manner.
